5 Title: Transition Duct Honeycomb Seal 

TECHNICAL FIELD 

This invention applies to the combustor section of gas turbine engines used in 
10 powerplants to generate electricity. More specifically, this invention relates to the sealing 

structure between a transition duct and the inlet of a turbine. 

BACKGROUND OF THE INVENTION 

15 In a typical can-annular gas turbine engine, a plurality of combustors are arranged in an 

annular array about the engine. The combustors receive pressurized air from the engine's 
compressor, add fuel to create a fuel/air mixture, and combust that mixture to produce hot 
gases. The hot gases exiting the combustors are utilized to turn a turbine, which is 
coupled to a shaft that drives a generator for generating electricity. 

20 

In a typical gas turbine engine, transition ducts are surrounded by a plenum of 
compressed air from the engine's^compressor. This air is directed to the combustors and 
also cools the transition duct walls. Due to the pressure loss associated with the 

25 combustion process, the hot gases within the transition duct that enter the turbine are at a 

lower pressure than the compressed air surrounding the transition ducts. Unless the joints 
between the transition duct and turbine inlet are properly sealed, excessive amounts of 
, compressed air can leak into the turbine, thereby bypassing the combustor, and resulting 
in engine performance loss. A variety of seals have been utilized in this region to 

30 minimize leakage of compressed air into the turbine. Some examples include "floating" 

metal seals, brush seals, cloth seals, and corrugated metal seals, depending on the 
transition duct aft frame configuration. Older gas turbine combustion systems use 
"floating" metal seals that are manufactured from a formed plate or sheet metal and are 
installed such that they can "float" between the aft frame and turbine inlet. Though the 

35 "floating" metal seals are quite common, they still have some shortcomings, such as 

stiffness and tendency to lock in place. Seals that are too stiff cannot adequately comply 
with relative thermal growth between the transition duct and turbine inlet. If the seals 
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5 lock in place they cannot adjust to thermal changes and will leave gaps between the 

transition duct and turbine inlet, allowing compressed air to leak into the turbine. 

More recently, corrugated "W" shaped metal seals have been utilized to ensure that a 
constant contact is maintained between the transition duct and turbine section. The 

10 corrugated seal has a spring effect associated with the corrugations and serves to keep the 

seal in contact with the vane platform of the turbine inlet at all times, thereby reducing 
leakage as well as having increased flexibility. An example of this type of seal is shown 
in Figure 1. Transition duct 10 contains corrugated seal 1 1 that contacts duct 10 at a first 
sealing point 12 and turbine vane platform 13 at a second sealing point 14. Corrugated 

1 5 seal 1 1 is fabricated from relatively thin sheet metal and the multiple corrugations 15 

ensure that seal 1 1 maintains constant contact with transition duct 10 and vane platform 
13. While this seal configuration satisfactorily controls cooling air leakage, it tends to 
wear out prematurely due to its lack of thickness and the constant contact with the harder 
vane material. As a result of this shortcoming, a wear strip was added to corrugated seal 

20 1 1 along the contact surface with duct 10 and vane platform 13, in order to extend the sea 

life. This enhanced seal configuration is shown in Figure 2 with transition duct 10 
containing a corrugated seal 21 that contacts duct 10 via wear strip 22 at a first sealing 
point 12 and turbine vane platform 13 at a second sealing point 14. As with corrugated 
seal 11, corrugated seal 21 is also fabricated from relatively thin sheet metal and the 

25 multiple corrugations 15 ensure that seal 21 maintains constant contact with transition 

duct 10 and vane platform 13 along wear strip 22. The addition of wear strip 22, 
however, caused measurable wear upon vane platform 13 due to the increased hardness 
of the seal wear strip material compared to the vane platform material and the constant 
contact between the wear strip and the vane platform due to the spring of the corrugated 

30 seal. As a result, turbine vane platforms 13 began exhibiting signs of wear, which must 

be addressed during a standard repair cycle. 

The present invention seeks to overcome the shortfalls described in the prior art by 
35 specifically addressing the issues of wear to the transition duct and the turbine vanes by 

providing an improved sealing system that ensures a sufficient seal that minimizes 
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5 undesirable cooling air leakage, provides an adequate amount of cooling to the turbine 

vane platforms, and is fabricated for a lower cost. It will become apparent from the 
following discussion that the present invention overcomes the shortcomings of the prior 
art and fulfills the need for an improved transition duct to turbine inlet seal. 

10 

SUMMARY AND OBJECTS OF THE INVENTION 

A sealing device for use between a gas turbine combustor transition duct aft frame and a 
turbine inlet having improved durability, reduced wear on the mating turbine vane, and 

15 reduced manufacturing costs, is disclosed. The sealing device comprises a first end and 

second end in spaced relation forming a circumferential length, a forward face and an aft 
face in spaced relation forming an axial width, and an inner surface and an outer surface 
in spaced relation forming a radial height. A plurality of channels extends axially along 
the inner surface for passing a known amount of cooling air to cool the turbine vane 

20 platform. The sealing device is formed of abradable honeycomb having a plurality of 

honeycomb cells, with each cell having a wall thickness and cell width. The honeycomb 
cells are oriented generally perpendicular to the transition duct aft frame to ensure 
maximum control against cooling air leakage while also providing maximum flexibility 
during assembly. A nominal portion of the sealing device axial width is "crushed" during 

25 assembly in order to preload the sealing device against the turbine vane platform. Since 

the sealing device is fabricated from a softer material than the turbine vane platform and 
the vane platform will move into the sealing device due to relative thermal expansion 
during operation, some initial wear will occur to the sealing device. However, unlike 
previous spring-like seals having corrugations, the honeycomb sealing device will not be 

30 under a constant mechanical load to maintain steady contact with the vane platform, and 

therefore, will only be subject to some initial wear. However, due to the relative thermal 
expansions between the sealing device and turbine vane platform and honeycomb cell 
configuration, a constant seal is maintained to prevent unwanted cooling air from leaking 
into the turbine while allowing a controlled amount of airflow through the plurality of 

35 channels to cool the turbine vane platforms. 



PSM-129 



3 



5 



It is an object of the present invention to provide a transition duct sealing device that 
restricts undesired cooling air from entering the turbine section of a gas turbine engine. 



It is another object of the present invention to provide a transition duct sealing device that 
minimizes wear of the turbine vane platform. 

10 

It is yet another object of the present invention to provide a transition duct sealing device 
that has an extended life compared to than prior art seals that is also easily replaceable 
should replacement be required. 

15 In accordance with these and other objects, which will become apparent hereinafter, the 

instant invention will now be described with particular reference to the accompanying 
drawings. 

20 BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a cross section view of a portion of a gas turbine transition duct detailing the 
sealing region with the turbine inlet that utilizes a corrugated seal of the prior art. 

25 Figure 2 is a cross section view of a portion of a gas turbine transition duct detailing the 

sealing region with the turbine inlet that utilizes an alternate embodiment corrugated seal 
of the prior art. 

Figure 3 is a plane view of the sealing device in accordance with the present invention. 

30 

Figure 4 is a detailed plane view of a portion of the sealing device in accordance with the 
present invention. 

Figure 5 is an end view of the sealing device in accordance with the present invention. 

35 
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5 Figure 6 is a partial section view cut through the plane view of Figure 3 detailing the 

honeycomb structure of the sealing device in accordance with the present invention. 

Figure 7 is a cross section view of a gas turbine transition duct and inlet to a turbine that 
utilizes the present invention. 

10 

Figure 8 is a detailed cross section view of a gas turbine transition duct aft frame and 
turbine inlet incorporating the sealing device in accordance with the present invention. 

1 5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiment of the present invention is shown in detail in Figures 3-6 and 
installed on a gas turbine combustor transition duct in Figures 7 and 8. The sealing 
device is preferably designed for use between a gas turbine combustor transition duct aft 

20 frame and a turbine inlet region. Referring now to Figure 3 ? sealing device 30 is shown 
in plane view and comprises a first end 3 1 and a second end 32 in spaced relation thereby 
forming a circumferential length 33. Figure 5 shows an end view of sealing device 30 
that depicts a forward face 34 and an aft face 35 in spaced relation thereby forming an 
axial width 36. Furthermore, sealing device 30 has an inner surface 37 and an outer 

25 surface 38 in spaced relation thereby forming a radial height 39. 

Referring back to Figure 4, a portion of sealing device 30 is shown in greater detail. A 
plurality of channels 40 is shown extending axially along inner surface 37. Each of 
channels 40 has a channel width 41 and a channel depth 42. In the preferred embodiment 

30 of the present invention, channel width 41 is at least 0.100 inches with channel width 41 

at least 1.2 times greater than channel depth 42. This channel geometry arrangement 
ensures that a controlled amount of cooling air is allowed to pass through sealing device 
30 in order to cool the turbine vane platforms at the turbine inlet. While specific channel 
dimensions have been disclosed, one skilled in the art of gas turbine combustors will 

35 understand that a variety of channel geometries may be utilized in sealing device 30 to 

provide the cooling air required to cool the turbine vane platforms. 
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A cross section view through sealing device 30 is shown in detail in Figure 6. This cross 
section view shows that sealing device 30 is fabricated from abradable honeycomb 
having a plurality of honeycomb cells 43, with each cell having a wall thickness 44 and a 
cell width 45. In the preferred embodiment, wall thickness 44 is approximately between 
10 0.0014 inches and 0.003 inches while the cell width is approximately between 0.062 

inches and 0.125 inches. A honeycomb configuration with these cell dimensions ensures 
adequate crush capability during initial assembly with the turbine vane platforms while 
utilizing a standard honeycomb geometry and providing a structurally sufficient sealing 
device. 

15 

The sealing device in accordance with the present invention is primarily utilized to seal 
the region between the aft frame of a gas turbine transition duct and the vane platforms of 
a turbine inlet. Referring now to Figures 7 and 8, a gas turbine transition duct 50 
utilizing the present invention is shown in cross section. Transition duct 50 has an aft 

20 frame 5 1 and preferably at least one bulkhead 52 attached to aft frame 5 1 . When the 

preferred embodiment of the sealing device is assembled to transition duct 50, sealing 
device 30 is surrounded on three sides by the transition duct aft frame 51 and the 
bulkhead 52. The sealing device is enclosed on the fourth side, along aft face 35, by 
turbine vane platform 60. To prevent cooling air leakage into turbine inlet 61, sealing 

25 device 30 is in sealing contact with aft frame 51, bulkhead 52, and turbine vane platform 

60. However, it is preferred that sealing device 30 not be permanently fixed to any of 
these features, thereby allowing for sealing device 30 to be replaced without having to 
disconnect bulkhead 52 from aft frame 51. Allowing bulkhead 52 and mounting 
assembly 53 to remain assembled during replacement of sealing device 30, reduces 

30 overhaul time and repair costs by permitting this replacement to be completed in the field 
without any major assembly tooling. Prior art sealing configurations, such as the 
configuration shown in Figure 2, required disassembly of mounting assembly 53 and the 
use of major assembly tooling in order to replace corrugated seal 1 1 . 
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5 An additional advantage of sealing device 30 is its reduced manufacturing cost. Prior art 
corrugated seals required complex tooling to form the tight tolerance corrugations in 
order to ensure a constant spring effect. Sealing device 30 utilizes a standard size 
honeycomb structure that is manufactured in long strips, machined to the desired cross 
section, and cut to the desired circumferential length. Honeycomb cells 43, which form 
10 the abradable honeycomb, are oriented in a direction that is generally perpendicular to aft 

frame 51, and therefore are relatively flexible and can bend as necessary to conform to 
the walls of the arc-shaped aft frame. 

While the invention has been described in what is known as presently the preferred 
15 embodiment, it is to be understood that the invention is not to be limited to the disclosed 

embodiment but, on the contrary, is intended to cover various modifications and 
equivalent arrangements within the scope of the following claims. 

20 What we claim is: 
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